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^ #*HFlat Plate Heat Transferring Apparatus! 

^«3J 

^ ^>Ml^o|| *}*f£]^- Ct#2j €• ^l°fl# ofl^Hr 

oim. *#* r £r f^Sl >M*> »«fl £ 7l^Af^ Ol6flA|7|^- 

M^r . £ ^^€- HHi*> S^ofl 7|7fl¥J A^oflo} *>^slol 6fl*js1°l 

H3£ e ^3 ^JaHH oil- nil^i «loM ^J*}^11# ^*Kr *fl°1°l2l 

>g*l ofl^i *flo|oH| *Ji n 4°l 43. ^3 3.^% 5.*lt» i^olc+. 

£6 o. ^ ^yxHioi] ^ ofl^ efloiojoflAi ofl^H ^oioj H7^°fl ^ 

£J ojjojol ^3 o^=l S.>M*V 

£7 Ufl7| £9£- ^ojo| |x|o!]oil cfs %%2\ A}A|£#o]c^. 
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^uflS] 715} 51 §^ B <J#*1 

i| e i^E^- ^^Elt| PDAS} 3**#«l*r Jl^m H*#2-3. 3.7] 

oil 5.^-7} ^opjo 5 ^j ^Hj^^ 5E*[ 3** &7\*\3. SX^r ^Mc*. o|ofl 

E} #7*QU\2\ ^§ ^oij ^ tfl^Sj *j7* ^-^^.S^-El °J°I *H8*»« ^^Cfl 

* *ib # ^ 5U^K 

^71 olB 3}olH^ °J^f <3<3°1 oj^- ^^A]7|^ ^7+^(9|%)ofl 3^35.^ 
7]51^. ^oll 31^ 7\<^S]o] * ^tfl^jE.^ ££7V °J 

m^\7]\ 321^ ugnfl^ o| # S]if5. «<J#*H>M 1**1 
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«^ olofl icJEJ ^ ^-#21 ££7> -fr^^^l 

^2] ^31* ^(10)7> <3^(20)2} eiB^aOO) ^olofl ^S] 

- ^ ^o)^(50)S ol^^l^. a^Jl ^71 5* ?flo|^ (50)21 tfl^ofl^ ^ufl 
-fi^o] £Q ofl7 r M^# ^l#e>7l 3«H ^£*fl(wick structure) (60) 7} 

#7| ^^(20)oll^ Qj-g. ^^(20)3} 3*K2 5U4r #*1(10) 

^.S, 3^*1(60)51 *J€(20)2] «1 4J^aSfl(60)C 

Dfl 7l2pf* 3. 7l^*>^)o« *J*flSl<H oj^ ^nfl^ 7|^CH M}Jf ^-?J(40)# 

3. siB-yaooj 3 5**121 (so) c^ofl -g-^-'s 71 

*Y£t)o\]A] <§# V**}3L -g-^^^- ^fl^r ^£*l(60)ofl * SL*1 

3|ofl S\m Z±M tgnfl 7]&*5. Sl=r|*>7fl S|D^. oj €(20 )Sl £5L7 r 7|S*£5L 

C| cfA) 7|^*>oi **Ah -i"^ ^ $lfl*Hr ^# a J^*>7fl ^C*. ^Dfl^ 
^ ^1 °J€" eiB^3(30)5 *^S]dL ^(70)ofl 2j*> ^]tfl^- u J^^S 21 

AJ 7 j ^*|(10)2] °J*m ^# ^°t7l $1*8 >M£- ^ A 1^ V % 
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s*j£*M°t ^jz. 7i#€ £^.2.3. ^ si^ ^71^2* 

a^cil (10)cHl Si^^. ^nfl^V 7|# i^- ^ 

- S^ol ^^(20) S^r t\B-^ 3. (30) 2} $4 3H]o]^(50)^ fi^oflo} 

*>^7j ofl^-oll. ^DflS) 715} ££r ^ ^«£°fl 1^7} Sicf. 

£*V *Zfl2| ^(10)ofl Sioi^. -§-^^1 ^Dfl-fe- S"* ?fl°1^<50)2l 

^ o.^sl ^ D fl7} ^ 5Ub M ^ol>,(50)^ o>* 

OH] n}^. o^^o.^^ £ft} -§-*^ ^ofl^ -S-S^Bl- ^7|-?f3# 7)1} ^ 

21 3-§7lElSl ^Bflofl ^B|. a -i-^ ^Hfl2j 51^ Al7jo| 7l5}SJ ^nflo] 

<tf M^^-S «-f! 0 1*1 °|2} ^OJ ^ nfl o^ ^^<2| 7]2 J 

D fl£i s}Af Avoiofl e ^i^^i ^evs a °m ^ ^ ££^11 ^ ^fe- 

oH2l *^o| *M*|;Hl siJl. oHI *m ^ ^ 

^ ^M|7} 

^^o) ol«jix} 2}^11 

n}£|^ £■ #efl 71^21 S-Tfl^-t 6fll 
. ^ ^^21 >y§-# ^cflS}d}7| ^ofloi ^§71E1^ 
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nm«l*>7fl. #7| Dfl^l Z||o|^ ^|^ol 0.19 tflTj 0.5nmi°] 

o|o)S ^155)11 ufl4i^7f 10 o]# 60 ol^oj nll^olct. 

#71 ilJ «floJoli. oj^ i3„j]o] <go^ i^ofloj slfla^oflA] 

# ^nflSl ^)^*>C|. HV^*M. #7| ^ Dfl^j zflo|cH^ *j:go| 

03 0.13od nfl^ SH<H5. *|£Sj7iLh nfl4|^7h 80 o|# 400o]^o] ^ 

#7| 2:^ °fl4H ifl<>l<Hi2f #7| nfl^H ziM oj 3.^3, 

^ af^om. ZL*\H ^ «l)oM * #71 ofi*) zqojo^ ~4>. 



#7| oq<H efloM VVXH =t-&2\ ^ °fl^. S 7^4. ^ej di)^ 

6|oj. 33 ofl^ *floM. ^ej ofl^H 2flo|<H. >y^l nfl41 £flo]cH 51 iH14H eflo) 

#7| mi^ tflojoi 3^*] ^^sj ofl^. *^oflxH 7\^M. oil 

i«o|ol. 33] cfli4H eflojcH, 2^ ofl^l 51 ^ °fl*l sfloioi 

#7] ufl^ £flo|cH ^JtfJll I ofl^, e^oflx^ #Jf£ 7}^^. 2# 

#3 °H<H ^ ^ *fl°l°1. 3^ flM<H 51 ^ ^ JflojcH 

>^7l mi^ zflo|o) 7^ i c}s on^. t\ifoi)M 7\#M. 2^ 

#2| zflolol. op-fl ^ *J1°1<>1. ^ °I14H «fl 0 l°l 

£<g TiM^i- #^Di . #e^Dl7} ^ Stt 

^. ^7} ^6H§«451 5.^ SU^r ^71 Tilol^o] o V a. ^ # ^*H=. 3<>| Ufe* 

Ciq. #7| ^o]^ ^^o e „ oM £3 #E*^ TIG -g-^ . i^rB* 

#7) ?i\o]+ ufloj] ^nfl^ ^. oil E| <>fl^#. 

£M°>. CFCTIJ ^ufl. HCFCTfl «3nfl. HFC*1 \§dJ) ^ o|#Sj ^*}^nfl^ ^ 
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#7| ^ n]o)± tfl^-ofl ^^JSlDj. S^^ofl o|« V oj^ ^ Dfl o| os.^^ # ^ 

§xH] ?fl§e^ 4*! M S. %*\*&H ?W*r 

fl<H efloJcH ^^^!:# 2# *Vc*. °17M . #7] s^i*] 

°\%\ 34-^ £ 1^33 *UH§ -g^^lS. *} 

. O|ofl o^^. £ *$4\Aj 53 «?«*HI ^-§-^ #CH14 ^Hfer ^^©MM" 

o]d]^ 44sw4fe °W 3*1. OT^fe a 74>ysi ^# 7^ 33 

^t}7] ^|efl -§-cHsi ?fl^# ^l*j7fl ^ ^*H1 

7]£*] A^oi] Jf^fe S\V]S\ 7^2.3. m^O]o\X3\ *K}. tt^Aj 
* 414 ofl 71^^ ^A|o,]S} ^^ofl -AjSl ^£ a. 7\V 9J ^ 

°fl°ll #3}*^ ^0lJ7 S. *U*%2\ 7|#^ £<= tfl^Rr 3£ °fM°S. £ «t 

Al^ofl 5tt<H^ oi-i-# tflafl^ ^ safe- ^°<m ^§§3} 3<g°fl#°l <u # - oj£r# 
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30). 5J ^oJ^dSO) tfl^-ofl #ojsj c}^oj nfl^j iflo|o]^ ufl41 ifloj 

3#*fl(140)f- #7| ?qo|>:(l30) tfl^-ofl^ oj^ (110).£.S^Et 1* 

€ 7|SJ«U (120)011 oj # ^*>o| ^afl7> 

>#7| Qfl^ efloM 3#JMl(140)b *>M ufl^ Zflolo] (U0a)°4 

41 el]o|cH (uob)^ *1M<H#£ M 

X. #^oj 0 | ^12002-633275: (D]^7fl ^Efloj)^ £ nj^ <g*j 

#^°J€- 41 -§-^€ ^ n H^ 21=71 ^^7} zjoj ^ A|7} 

^ ^nflS. oJ^J ^fifl $ ^ SIS. ^nflSj #^ol 2. 

ml 4) iflololoH^Dj o-^£)7l nfl^-ofl X17J^ t$ D fl°l §7>xl7l^d] 

a-oj ^oj ^ y ,o1^ (140a) ofl <H cf^^ °r^^l ? J 

oj^jc}^ *^S} nfl-H HlolcH(140b)^ ^D}) ^7l^ 41^1> ^# 4fg 

H. 3*! yloM(140b)7j #71 5*4> 71^-^. -§-^^1 ^ ^fH£l 
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S2CH1 ofl4H zi]o]o| ^^1(140)ofl $lo\M. ^71 ofl<N £floI<>Hl40a. 

Ob)^ £}oloj=-o1 Hj^oj- i^Sji^ 3°1 

. #7] nf]4J iflo|<H (140)<M ^^o> ^"g^^ ^ i\)o\o]S] 17% 

«V^^^] tf£-Ch n}°} i"?J ofl41 ill o|oj (140a) ^ 37fl £ oJ#jo S n^t* 
^€ l 5°H7f £U ofl<M £floj<H (140a)2j *J »4H1 S^S]^ ^dH 

Sm. *HM iSi ifl o]<H (140a) ^ 2^11 o|*}S 3 

o}^- 2°1 UW3«|Ct. 

^71 Dfl41 «iM°1 (140)# T^tir iflolOl (140a)2f ^ 

flo|oi (HOb)^ 3# 4£ aeiJi ^7| <£^(110)2l £5.7} ^ofl 

715} ^0} #*|(100)7f 6}^ ^7] ofltf tMlol 

(140a. 140b)# o]^^- 2±o]o]2\ 2*<>lol2l 5*H*]°fl£r MS 

nfl7> ^*H^. o| ofl ^71 Dfl4) Zflojol (I40b)5l^ 3^ *fl°l<>1 (140a) 

#7l (100) ^^(110)51 S.^7\ ^nflSl 7|S| ^iit} 

^-oj] <i%(U0)o.S.^El ^^#^(120)^51 ^^^7l°J 
#7l ^ D1141 flMol (140b)2j 3^ ifll^ ^T^J "J §7} ^ «-7f ^nflSl oJ^ofl 
611 ^^7)7^ #71^. >^7l 3^ iflolol (U0a)2l ^2] «l ^7} *]*L 

^ofl£l ojjqfpfl 21611 SflSl^C*. ttfe}^ ^^j^ol o|«<H7l^ 2*3 °IW >^7l £«y 
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4H ZiloIoUuOa)olM^ « ^°H3 7 1*W <sM ^ tfl°|oi 

40b)ofl^^ ^ ^7] «fl 4? (140a)ofl>H 7|2}SI 1301)7} «H4S?C}. 

^*t\*\2.S.. ^71 <g^(110)oll^ oj^«} Dfl^ *flo]<H(140a) 

0} 0 }u)E} oj^^7| Dil41 l$0\o] (140a)oflS 31*3 ^ ofl 

«flol<H (140a)ofl>l^ ^Dfl°l 7 1S}7} *\*m°3. ofl*l *fl 

of (140b)ofi^i ^ofloj 7 |S}7} -S-^71^- *»7|n}. a °<?£ °fl*t ifloHH 

40a)ofl/H -S-^Sl^- 7|5} °J3£t}^ *m - °1^7fl 712}*! h§°H-b 

^ ^ Dfl44 Zflo1o}(l40b)# fSM A}^°5. S*#sJd|. ^7| ^ ^o|i(i30)^ 

20) si *! *W e*WM 

*3oflSl 71$} 51 #^0] -S-^S|^. ^71 Dfl4i iflo|oi ^aJHUO) Mlofl^. Tfl^ 
M ^Efl7} 2^s?C}. <*P|AH, 7fl£ oflUiT}^ DJl^ ill o| <H (UOa. 140b)£j 
^2} <>Jj# ^Dfl£| 7fl^# ^*>C}. ^. ^0115} 7|5}7} -^^^ TJ^OJIX^ <g *j 

o| <y<>M7| ^(^^^Efl)5LC| 741^ oflUl747} ^7\t\jL. -§-^oj -°.^sl *l 

i|«3Ml(140) tfloflX^ 7fl£ oflMTjSj Cfl£flt3fe 3 U^S 

S.6# *}^*M ^71 IH14H eilo|ol (140a. 140b) 2| ofl^l S\o\o] & 

^°11^ MW. °H ^ # 7 1 ^ ^^(140) -n- 

3 711^ oflUlTjSl 6fl4l5}7l 3*} 3*2-8- S^^Sl ^EfiS ^^C}. olofl 

m ?!5}^ 7l^£.^^ -S-°Jsi^^ 3*<?<>l «5 
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«lo|<H 3*J*fl(140) vfloflA^ ^ofl£| *§o| ^*Vcf. ^3.2.3.. -§"^ 

oflSJ 1^#^(120)ofl^ ofl<H «flo1o| 3^*1(140)51 *m 

5} ^i2«ofl^ <§^(110) ^ol^^Hl 

^nflS] £U ofl4l H)o\o\ (140a)5* ^^1 iHl^M ^lojol (i40b)Sl 7}X] 

ufloflxlDf ^cHu|^ 2£ oIMjj. oj i n J iflolol(140a) 

#2 ofl^l ^lolol(i40b) AM°MH 

nfl41 eflojol ifloflAlSl ^oB ^-s-g- ol)41 zJM<>t§ ^>g*^ 5}olo|2l 
2* S\o]o\ ZLM^oWM ol^ol^lrl. =m\jL MS. ct§ o)-^ D114S ^lolol^o] 

§ofi -fr^-^- °fl<H «lo|ol^Sl 3^ Tfl^oflAl ol^oi^lc}. ol^^. =-^ft> ofl4>1 

o|oj i4l oil /i aelJi ^Hl*Rr zfloM Tiofls. -§-^ ^oflsi *§oi flTfl 

3. ^"fl^i 7ism ^^dio)5i *i z^s. « 

^ &7fl Sl^l (100)^1 <g*t^ #cfl^l^ 4* 21*1 ^t}. 

^oflSl 7121 *A 2f^ol «>^Sl^ 2}3<M. ^ofl^ <g^(110).E.S-¥;El ^ 
Bj,o>oV <g^#if(120)jil <g^#*(120)£ 31*3 <3£ ^ 

50)ol] S]6fl #*flcfl^ HM£S 3) ^5. "<^#SlJl. °H1 ^^(110)21 ££7> *1 

*V >4of|jH -S-^sl^l o|^oi 3 ^ofloi -g-^ofl si*v ofln 

<g*! (110)5] £^5* ^^#^-(120)21 £S.7> <y*J*l-°^ #«1*>*I H "fl*M 

#71 34-*! *1°1^ (130)ir a UjJf^l ^J^S #<tf=l ^Eflofl 5iJl. a *fl*»£ 
Si (110) .2.3.^*1 ^fs\3L ^M ^«J#^-(120)ofl «J#^>7l #ol 
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-#^^£.3. o|^cH^lcf. nH*ai*MI. #7l ^£ ^El. ^d|^. 

ife ^iMH«3! S3 oibL *M S^r °|#SJ *^0|C*. Sj] 
30)7f ^ofl 10mb tfl^Sl ^£ A^oj <g>g5jol 36|)§«f o S o|^o^^ 

^. av^ ?flo|^ (130)31 *<fcf£^ 3°1 

^ «- a*tg ?flo|^ (130)31 H^°fl>MS S.>N1^°11 S|*V ^nflS] ^§o| # 

SlcH 1*1(110) e^£.5.3l ^nfl S}fl7} 2£c* 3%*M1 ol^oj^lTfl S|J1. old] u\ 

131* ^(loo)si <g#<g ^^-o) ch ^7}eMl ^m. #7| ^ ?])o} + 

30)^- 7171]^ #i #°Jt* afl 3 ^al7f 0.01mm 3.0mm 

2o) urease*. 

#7| Z]\o\o\ ^«](140)§ ?flo|cH (140a. 140b)£- S3 

£A|sj Qo] S\o)o\{ieOa)S\ ^-^ 5}o|oi (i60b)7F AfS J£»]Sl5^ *1 

3 mifl (woven meshjojc}. o|7l4. S^l o1(160b) nfl<H Zflo|<H(140a. 

0b)Sj aii x| z]o| ifJ^S <I Tlo] ufl^sj m)4H Sfo|o]t 3*1°!. S\o]o] 
60a)fe- o| 5| 0 |<H (140b) °1 ^iTOeM Hfl^l^^ °«4>| 

^7| DQ^ iflolol (140a. 140b) SI 3fl*>MI M*Ffe U J *(a)£ 1|»t 

.2.3. *M ^7) ^(a)£- Dfl^ y]ol<H(i40a. 140b)2j 7l 

u a = (1 - Nd)/N 
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^ojcf. ofl^ ^of Nol 100O]«3 l°]*|£l ^ojofl I007fl^ oJJ<M ?$7\7\ i*flo}7fl s] 



Ifl^l Z\\o\o\ (UOa. 140b) ^ 3"^. *A%$c £tt ^°fl>H 

^u- 5ft+s ol^<H^i s}o]<>l£ ^ Sit*. h^*]*W|. #7l ^£ ^ej. 

dIb-. ^^3^^:^^ ife ^h. em ol^-o| ^-g-ojc*. #7| nfl 

zfloM(i40 a . 140b) ^ *HJ (100)2] ^ ?l]o]>:(130)5] %^<A\ ^% 

*j£*V H}^ ^oj, #7) mJ4H ?flo|cH ^^afl (140)51 ^JSLdt # -S^ 
o\ (140b) ir ^nfl 7 f ^ SZ^r ^71^ ^ r 3.# T^I^JE.^.. 

71 oil^ iflolcHa40b)ofl^ £4ofl S}o)<H(l60a)iZf 

|oM(160b)7t <#S}S a^Sl^^ ^71^ ^?}o\ iTfl^Tfl si^-til ol ^- 7 J°l 

^7] §7| *KMi-£(170)2| 7\t\^ 33(A) £ TS\7\ ^M2S\ Tfl^Cf. 
A = (a + d)d - ntflA 

23 

^•71 ^*H42# ^2^^ . #71 ^ -ff^ (170)3 7lem^l ^ ° °1141^(N)7t 
01141 2folDlo| ^^(d)ol Ti^^s 
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#7| $11 ofl^ Zfloloj (I40b)5l 3*Hlb o]%*\±- %#S\±r # 47921 

£ ^gofl ff|# °J31* ^ (100)7f 41*1 nfl ^^1 ^ 

o\o\ (I40b)ofl£- 5.5o(| ix|sl ti\S\ Qo] ^7|SJA> -Jf^. (170)51 *fl7| 5L°J ^fl°fi 
# ^oHofl S|«V °J|°Hl80)o| ^^SjTfl sjc}. #7l <3°M180)£ 56o11 £.At=1 
o| ofl4H <2W°Kl60a. 160b)2j a** *13 S^°fl ^sl^. «>S °J3*}^ 2 

*]*jofl <g^£ ^^€- >HS <££3c}U90 - 

^^1(180)21 °fl^ iflolcH (I40b)2l B}2}n|Ei ^ 41 3*}£J * (N) 

Dfl^ S^olciSl ^l^(d)# ^^c}7ll ^oj*^ 7}fe*}2. S.M}^o\\ °)©V ^ 
o, -sg ^-g-# *}ct. u\*\M ofl^ ill o|o1 (140b) °lN4r ^ 

(170)1- #6fl 7]# ^BflSl -S-^Sl^li e>7^D>. o4^=! 

^(180)<H) op|Sl^. S^^ofl °]6fl ojj^ i^flo] o^ol -S-^5]7|i *VCK 

nfl -S-^ Dfl^ ilflol<H (I40a)on^ -S-^SJ^ «U 

#7| (ibo)€- £5ofl cai^ ^oi ^ mm efloicH (i40b) ifl°fl>H £ 

o^S} *W*S\ ^IS^ofl £7^^ ufl^l eflo|oj (140a)oft e*fl*Rr °J|^S. 

1^^(200 #£). ^# ^«M*Hr "1141 iflo|o| 7J2] <3^£- °fl41 eflol 
(140b)^ ifloloi (140a)7jofi 3^ 7fl^# ol-^-o^c}. # 

^ ^^!^ ^(100)21 a^oJM. SflolcH (140b) ofl ^7fl*}^r ^ 
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2f £H mi4| Eflo|<H(i40a)ofl ^ ^oH ^ 

36«ttt£o|. W ^% *W Zfloloj (UOa)£l ^ 13i(110)<M *J ^ 

oil ^-g-o-M ^oH°^ 7^301 °1^<H^ 0 > a^jtfl. ^ m 

<H (140)3 7|*m*1 # iflol<H(l40a)S ^ &&o] 

J^r^S o|^<H7jSl^. 2l*U ^ yioM(140a) >.»o|ofl HjJ^sl ^^j ufl^ zflolo] 

^3 °l^€- ufS £QJ ofl<H eflo|o1 (I40a)2| ^2] of (U0b) ofl £?fl*>t- 

*H180)SJ ^3 °?^(£52l 200 ^)ofl sm 7^oH *lt}. ~. ^71 oJl^<180)2] 

3.5L ^ 5tt*l oil ^ 2°!^. 

^o|. 3*! tflolol(140b)^ #71^ (170) # ^^^l ^ 

fl<tf £flol<H(140a)ofl^ 71^ ^^(110)^^ £5.7} <8<3°3. *!^*} 

S^SJ ^ Sl^s oB^^ 7]^# ^«S*^ §^H). 9J^^^ ^ mi4t Eljolol 
40a) ^ -§-^s| ^nfl 7 f %gi>M ^ 5U« «3 *M *§°fl ^ 

# °1°fl ^ ^ ^ (100)^ ^ ^ U 10 ) 

i-^ ^oflo] ^^ol 3%^7fl o^o^o.^*) ^(100)21 %^ S#ol ^cflS}^ 
. o\%^. ^ oll^ £floM(140b)^ ?floli (130)1- ^M^b t 1 

*j-jo^^j £tg oj^^ ^jg (too) 51 7j7fl^ ^tflAl^ ^71 nfl^-oj) (100) 
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#7| Dfl*| eflojcH (140b)oflAl^. 7]# ^dUSJ ^#2* t^flo] O.S.Q1 § 
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